Introduction
Cascade optical parametric oscillator is a novel nonlinear device for consecutive transformation of pump laser energy at near IR to IR, MID IR and THz spectral region by utilizing of nonlinear nonoxide crystals or liquid crystals as a second step of primary pump energy conversion. The cascade OPO with intracavity pumping of initial signal wave possess flexibility for a choice of suitable second pump wavelength for conversion to MID IR and THz spectral region at second cascade. The theory of seldom OPO was presented at [1] by F.Wong et al. At [1] a parasitic OPO oscillation is addition component secondary signal and idler appeared at self-phase locked PPLN OPO when 3:2:1 regime was broken. Intracavity pumped optical parametric oscillators (OPOs) offer compact and robust design with higher pump power. However cascaded or tandem OPO schemes of this kind down conversion of laser radiation into the mid -IR spectral range have rarely been realized [2] [3] . The second stage of this OPO based on nonoxide crystal AgGaSe 2 intracavity pumped by single grating PPKTP at first cascade at 1.85 m. Extremely wide tuning range from 8 to 18 µm was demonstrated by using the angle tuning of type II AgGaSe 2 element into the OPO cavity. Lately at [4] the intracavity difference-frequency mixing (DFM) based on PPKTP-AGSe tandem was successfully demonstrated. The DFM tuning range 6.8-8.0 m was driven by temperature tuning of PPKTP at the OPO cavity. At the present work, we are demonstrating a novel PPLN structures for effective intracavity pumping of cascade OPO. , and divergence <2.5 mrad. The laser generated pulse energy of 180 mJ and 5.6 ns (FWHM) pulses with an average power of 3.6W. The measured energy stability was ±2.5%. The Faraday isolator (Avesta 8AFI-1064C) installed to optical setup to avoid a feedback from OPO optical elements. The half-wave plate and polarizer used as an attenuator of the pump energy. Mirrors M1-M3 utilized for precision adjustment of the pump beam in to the OPO cavity. Fused silica lens f=300 mm with AR coating optimized for 1.064 µm was used for optimal focusing of pump radiation into the PPLN structure. M4 is dichroic mirror (Layertec model 103080). This mirror reflected for the pump radiation at 1.064 m and transmitted for signal wave (spectral region 
Experimental setup
fan-out structure is defined as 57 % (figure 2a), for multi fan-out is 37% and for multigrating 68% and 73% respectively (figures 2c,d). For maximum, pump level, at figure 5(a): the corresponding pump-to-idler energy conversion efficiency is 17% and quantum efficiency is 48.9%, and the slope efficiency is 20.7%. At figure 5(b): pump to idler energy conversion efficiency is 14.8%, quantum efficiency is 41% and slope efficiency is 16.2%.
Conclusion
We are demonstrating efficiency of pump energy conversion (Ng:YAG laser at 1.064 m) 17.7% for 2.94 m and 14.8 % for 3.2 m respectively. The estimated maximum signal intracavity energy for PPLN OPO (at 35 mJ primary pump by Nd:YAG laser) for 2.6 mm diameter of signal wave beam is promising to reach at least 5 times above secondary threshold by inserting second element II-type AgGaSe 2 into the OPO cavity for 8-18 m oscillation.
